Objectives: This study aims to evaluate the levels of serum endocan in children with juvenile idiopathic arthritis (JIA). Patients and methods: Sixty-seven children with JIA (30 males, 37 females; mean age 10.4±4.9 years; range 2 to 18 years) and a sex-and agematched healthy control group of 39 children (16 males, 23 females; mean age 9.3±4.1 years; range 1 to 17 years) were recruited. Patients with JIA were divided into two groups as the clinically active JIA group (n=27) and inactive JIA group (n=40). Results: The median serum endocan level in patients with JIA was significantly higher than in the control group (633.75 ng/L vs. 379.76 ng/L, p<0.01).
Juvenile idiopathic arthritis (JIA) is the most commonly seen rheumatic disease in childhood. The pathophysiology of JIA is based on chronic idiopathic synovitis characterized by synovial hyperplasia and inflammation. 1 The presence of antinuclear antibody, rheumatoid factor, and other antibodies supports the autoimmune process in the etiopathogenesis. 2 Recently, it has been mentioned that cardiovascular disease risk increased for endothelial dysfunction in patients with JIA. Increased risk of cardiovascular disease seen in the long term is associated with prominent vascular inflammation. 3 Endocan is an endothelial cell-derived dermatan sulfate molecule that plays a key role in vascular inflammation. 4, 5 Serum levels of endocan increase in inflammatory processes such as endothelial activation and neovascularization. 6 It has also been shown that serum endocan levels rise in inflammatory diseases such as inflammatory bowel disease (IBD) and Behçet's disease. 7, 8 Relationships between cardiovascular disease risk and serum endocan levels in patients with chronic diseases such as chronic kidney disease (CKD) and psoriasis have also been reported. 9, 10 Therefore, in this study, we aimed to evaluate the levels of serum endocan in children with JIA.
PATIENTS AND METHODS
The study was a two-center, cross-sectional and observational study conducted in Istanbul Medical Faculty and Cerrahpasa Medical Faculty Pediatric Rheumatology Outpatient Clinics between August 2015 and June 2016. Children with JIA who were under follow-up at these polyclinics for at least six months were reviewed for the study. A total of 67 patients with JIA (30 males, 37 females; mean age 10.4±4.9 years; range 2 to 18 years) were included in the study group after reviewing patients' charts, drawing online patients' records, and taking serum samples. 11 Exclusion criteria were presence of acute infection (i.e. upper or lower respiratory tract infection, urinary tract infection, acute gastroenteritis) or a history of any other rheumatic disorders.
After recruiting the study group, a sex-and age-matched healthy control group of 39 children (16 males, 23 females; mean age 9.3±4.1 years; range 1 to 17 years) without any acute or chronic disease was included once obtaining a written informed consent from each parent/guardian.
All patients were introduced to the research by the pediatric rheumatologist who was responsible for recruitment. Childhood Health Assessment Questionnaire (CHAQ) scores, which measure functional ability in daily living activities, were calculated when patients answered the required questions.
Patients in the study group were divided into two groups according to the American College of Rheumatology provisional criteria for defining clinical inactive disease (absence of active arthritis, duration of morning stiffness of <15 minutes, and inflammatory biomarkers within normal limits). 12 Serum endocan levels were appropriately measured using a 2-box kit (Sunred Biological Technology, SRB/Shanghai, China) enzyme-linked immunosorbent assay. 
Statistical analysis

RESULTS
Demographic features of JIA patients and healthy controls were given in Table 1 . According to the American College of Rheumatology provisional criteria for defining clinical inactive disease, 40% (n=27) of patients had clinically active and 60% (n=40) had inactive JIA. The most common subtype of JIA was the oligoarticular type (n=45; 67%), followed by the polyarticular type (n=14; 20%). The mean age at diagnosis was 7.4±4.6 years, and the mean disease duration was 3.1±2.8 years (Table 1) . Twelve patients had comorbidities during the study (allergic rhinitis, osteoporosis, growth retardation, attention deficit hyperactivity disorder, cataract, gastroesophageal reflux, anemia, nephrotic syndrome, and diabetes mellitus). We also performed statistical analysis after removal of patients with comorbidities. Fifty-five percent of patients with active JIA had one joint with active arthritis, whereas the remainder had two or more joints with active inflammation. Regarding treatment, 10 patients did not take any medication, 18 patients were taking multi-drug therapy, and 39 patients were receiving monotherapy.
We used non-parametric tests for further analysis because the results of the analysis for the normality of serum endocan level distribution showed non-homogeneous distribution. Figure 1 ).
Serum endocan level of patients without therapy was 471.37 ng/L, whereas it was 686.42 ng/L in patients given monotherapy and 1086.15 ng/L in patients who took multiple-drug therapy (p=0.28). The highest level of serum endocan in the study group was detected in patients with polyarticular JIA (n=14; 1788.74 ng/L), while it was 633.75 ng/L in patients with oligoarticular JIA (n=45). Because JIA is a heterogeneous disease, we also screened the oligoarticular type alone, which consisted of 19 and 26 patients with active and inactive JIA, respectively. The median serum endocan The mean CHAQ scores of the active and inactive JIA groups were 0.63±0.45 and 0.14±0.29, respectively (p<0.01). We investigated the correlation between serum endocan level and laboratory and clinical data within the study group. Serum endocan levels were independent from sex, age, weight, height, and Body Mass Index (BMI). There were weak negative correlations between serum endocan level and CHAQ scores and the number of joints with limitation of movement (rs=-0.25, p=0.04; rs=-0.24, p=0.04, respectively). There were no significant correlations between serum endocan level and C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), or leukocyte levels in study group.
DISCUSSION
In this study, serum endocan levels of patients with JIA and a sex-and age-matched healthy control group were evaluated. We reviewed the current literature and detected no information or studies on serum endocan levels in patients with JIA. To the best of our knowledge, this is the first research in the literature to analyze serum endocan levels in patients with JIA.
Serum endocan levels were significantly higher in patients with JIA compared with the control group. However, serum endocan levels were lower in those in an active stage than in those in clinical remission. On the other hand, serum endocan levels showed a negative correlation with both limitations of movement and functional ability (CHAQ scores).
Although the level of serum endocan in patients with active JIA was low, there were no correlations with endocan levels and inflammatory biomarkers (CRP, ESR) and number of cases of active arthritis. These findings might mean that vascular inflammation and systemic inflammation may not be directly associated in JIA. The high level of serum endocan in the multiple-drug therapy group and monotherapy group rather than untreated group showed that suppressed systemic inflammation with drugs may not cover endothelial activation. In contrast to acute events (inflammatory biomarkers, active arthritis), chronic events (limitation of movement and functional capacity) were found to be more correlated with endothelial dysfunction (serum endocan).
When patients with comorbidities were excluded from analyses, serum endocan levels revealed a positive correlation with both the number of active arthritis and ESRs, and this might show that serum endocan levels are associated with disease activity to some extent. However, other systemic morbidities might be involved in endothelial activation and can change the metabolism of endocan. In addition, the average serum endocan level dropped with the exclusion of patients with comorbidities, which indicates that accompanying illnesses might affect serum endocan levels in patients with JIA.
Serum endocan level may not be associated with chronicity of the disease since it was irrelevant to the overall duration of disease. However, the negative correlation between serum endocan levels and the number of immobile joints gives a clue as to its predictive value in evaluating disability in the course of disease and its prognosis.
Previously known as endothelial cell-specific molecule, endocan is a new endothelial-derived soluble dermatan sulfate proteoglycan molecule, which was cloned from human endothelial cell deoxyribonucleic acid in 1996. 13 Secretion of endocan from vascular endothelial cells is controlled by several cytokines (tumor necrosis factor, interleukin-1) and growth factors. Research about endocan showed that endocan may be a marker for vascular endothelial dysfunction. 14 Patients with rheumatoid arthritis (RA) are known to carry two to five-fold higher risk for cardiovascular morbidities and mortality. 15 The most important factors in the pathogenesis of cardiovascular disease in patients with RA are endothelial dysfunction and vessel wall damage. 16 It has been speculated that cardiovascular complications seen in patients with JIA start with vascular damage years before symptoms present. 17 Accordingly, a recent study revealed that subclinical cardiovascular changes tended to present earlier, particularly in obese individuals. 18 Recent research has shown a significant association between serum endocan levels and cardiovascular diseases. Relevance of serum endocan to cardiovascular disease and mortality has been reported in patients with CKD. 9 Serum endocan levels have also been associated with cardiovascular disease and mortality in patients with psoriasis. 10 Balta et al. 8 demonstrated that the mean serum endocan level in patients with Behçet's disease (inflammatory vasculitis) was 1,290±600 ng/L, which was significantly higher compared with the control group, and a positive correlation between endocan levels and sedimentation rate, CRP, and disease activity. However, we found no correlation between endocan levels and sedimentation rate or CRP.
There is also evidence that serum endocan levels increase in synovial tissue of patients with RA, being stimulated particularly by adiponectin. Endocan causes angiogenesis, which is the explanatory mechanism of pannus formation. 19 In a study performed on children with metabolic syndrome, 20 the mean serum endocan levels were documented as 2,490±820 ng/L and a positive correlation between serum endocan levels and components of metabolic syndrome such as hypertension, insulin resistance, and fasting glucose was shown. The researchers suggested that high serum endocan levels could cause endothelial dysfunction and a tendency to atherosclerosis, which in turn could result in cardiovascular complications.
In a study of patients with systemic lupus erythematosus, 21 mean serum endocan levels were reported as 2,200±1,000 ng/L and a positive correlation between serum endocan levels and several parameters such as thickness of carotid artery wall, BMI, and sedimentation rate was shown. However, we observed no correlation between serum endocan levels and BMI. The authors attributed the high level of serum endocan and its correlation with carotid intima media thickness to subclinical atherosclerosis and therefore denoted that serum endocan levels played a critical role in susceptibility to cardiovascular diseases.
In a study on patients with systemic sclerosis, 22 the mean serum endocan levels were found as 2,530 ng/mL. Patients with diffuse systemic sclerosis and those who presented with digital ulcers and daily Raynaud phenomenon were shown to have higher endocan levels and a positive correlation between endocan levels and duration of disease was detected. Yet in our study, there was no correlation with duration of disease.
Lastly, in a study conducted on patients with IBD, 7 there was no significant correlation between disease activity and serum endocan levels despite the fact that higher endocan levels were detected in the patient group compared with the control group. We also detected higher endocan levels in our patient group, and a weak negative correlation between functional ability (CHAQ) and serum endocan levels.
Our study has some limitations. The small sample size prevented us from making certain conclusions. The overall duration of disease being slightly short and the fact that patients were not evaluated for cardiovascular disease risk are other limitations of our study. In addition, it is difficult to draw conclusions about the possible etiology and its prognostic role in the course of the disease because the study had a crosssectional design. Therefore, we cannot precisely interpret the data obtained from this study and cannot suggest that serum endocan might be considered as a diagnostic or a follow-up parameter in JIA.
In conclusion, our study showed that serum endocan levels are higher in patients with JIA compared with controls. The results of this study may indicate that patients with JIA can be evaluated in terms of endothelial dysfunction and increased cardiovascular disease risk in a more detailed manner. Multi-centered and large prospective studies may provide more accurate and substantial data on the etiology of JIA and its cardiovascular complications.
